A combination of a TL albedo dosemeter system consisting of a 6LiF + 7 LiF pair and a sulphur pellet has been studied for fast neutron personnel monitoring in high-energy accelerator environments.
response for neutrons (>2 MeV). Hence, we studied the combination of a TLD albedo system ( 6 LiF + 7 LiF) and a sulphur pellet for possible applications in personal neutron dosimetry at CERN. This paper reports the preliminary results of this study.
MATERIALS AND METHODS
For albedo dosimetry the 6 LiF + 7 LiF TLD pair (3 x 3 x 0.9 mm. activation for high-energy particles (>20 MeV).
In order to improve the counting efficiency for beta rays from the 3 2 P radioactivity induced by fast neutrons in the sulphur pellet (0 51 mm, thickness 6 mm, weight 20 g), the sulphur was sublimated on a steel planchet placed over a hot plate maintained at 450°C in a fumehood( 4 ).
The major advantage of the sublimation technique is that it is possible to burn any number of sulphur pellets on a single planchet (as long as the sulphur does not contain impurities which do not burn) and concentrate the 32 P activity thereby eliminating the self-absorption of 32 P beta rays in the sulphur pellet(s). For counting the 32 P beta rays, a Beckman gas-flow proportional counter having a background counting rate of 1.5 cpm was used.
Since in personal dosimetry the exposure history is normally unknown, a ~aximum uncertainty in neutron dose estimation due to decay of 32 P activity (T 112 = 14.3 d) by a factor of 2 is introduced, for a monitoring period of 30 d. This uncertainty will be much less than a factor of 2 if the exposure is at a constant rate or if the exposure occurs close to the middle of the monitoring period, because it is then possible to correct for the decay of 32 P activity which occurs during this period. If, however, the major neutron exposure occurs at the extreme of the monitoring period, the uncertainty in dose estimation will be high but could be reduced considerably with some knowledge of the neutron exposure history. For this purpose we studied the differential fading characteristics at room temperature (~20°C) Qf low and high temperature peaks in the TL albedo dosemeter ( 6 LiF). As the fading of reader annealed 6 LiF chips to neutrons has been reported to be high (s), we (pre-irradiation) annealed the 6 LiF and 7 LiF chips twice in the reader after the standard oven annealing treatment (400°C, 1 h + 100°C, 2 h) for this study. A two-temperature If the limit of detection is four times the standard deviation of total counts, the detection threshold works out to be 43 mrem (0.43 mSv)
of PuBe neutrons for a counting duration of 100 min. with one 20 g sulphur pellet, with the counting carried out 14 days after irradiation. The thre·shold detection limit could be lowered by sublimating more sulphur pellets in one planchet or by increasing the counting time (e.g. 14 mrem after -4 -For PuBe and fission neutrons the average cross-section for 32 p production are 173.5 mb and 67 mb, respectively. Hence the detection threshold for fission neutrons will be a factor of 2.6 higher than for PuBe neutrons. Also for neutron fields around high-energy accelerators a higher detection threshold than for PuBe is to be expected, because of the decrease in cross-section at high energies. Table 1 gives the sensitivity (counts vmin;~em-1 } of a sulphur pellet (after sublimation of sulphur) for different neutron exposure conditions.
The sensitivity was obtained by assuming exposure in the middle of the month and decay during 17 days. If continuous exposure took place during 30 days followed by two days of waiting before measuring the counts, the sensitivity increases by a factor of 1.11. It is seen from Table 1 that in general as the sensitivity of sulphur decreases, the sensitivity of TL albedo increases, as a result of change in neutron spectrum -from hard to soft. Hence, a linear combination of sulphur activation and TL albedo should in principle provide a good personal neutron dosemeter system similar to a combination proposed in the past using 6 LiF and LR115 track detectors 6 ).
The major advantages of sulphur activation techniques are the complete discrimination of neutrons against accompanying gamma rays, the very wide dynamic range, the independence on angle of incidence and evaluation techniques which are easy to automate using e.g. classical sample changer systems. The number of pellets to be evaluated can be highly reduced using the for the decay of 32 P. Unfortunately, for tw > 6 days, the value of R decreases at a much lower rate than the activity of 32 P as shown in Fig. 1 .
Since the fading of low temperature TL peaks is relatively fast in the beginning, the effect of fluctuations iri R (0= ±10%) on the uncertainty in correction factor for the 32 P decay increases with post-irradiation interval. This is shown in Fig. 2 , A 10% error in readout ratio causes an Table 2 gives the readout ratio R in 6 LiF for neutrons under different exposure conditions at CERN. This represents a practical situation and the exposure was more or less continuous during the monitoring period.
The gamma dose contribution is measured by the 7 LiF detector. For albedo neutron dose measurements the TL readout values of 7 LiF were subtracted from the 6 LiF readout values after taking into account the difference in inherent sensitivity of 7 LiF and 6 LiF, if any, to gamma rays.
For the calculation of R in 6 LiF the same procedure was adopted for both the readouts, i.e. 80-170°C and 170-250°C. The results in Table 2 shows that the decay correction obtained from the readout ratio using Fig. 2 differs still considerably in some cases from the calculated one. It should be mentioned as well that the value of R has been found to vary from batch to batch and from 6 LiF to 7 LiF, thereby increasing the uncertainty in calculating the value of R.
CONCLUSION
It appears that the use of the readout ratio technique described in this paper can in principle reduce the error related to unknown exposure history of activation detectors like sulphur pellets. However, it is shown in this paper that LiF does not have the most suitable fading characteristics for this purpose. Consequently, other neutron-sensitive TL materials should be studied since the technique is promising in view of the good sensitivity of the sulphur pellet technique for personal monitoring which has been overlooked so far. 
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